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ABSTfiACT 

ffl^pifleint  idhrindii  hiiri  bein  i^eirad  in  the  derilopiiht  of  themillj 
itible  ialBl«lnorgihle  polineM  mth  ^afxtiaUy  aiefoi  Oharieteilitiei* 

feehni^ei  in  diioribed  for  the  ^thiiii  of  horel  iilizylini  pol|ieri  aiid 
MhOieri  ihOwLhg  ignrolytle  roilitinee  fir  ii^rlor  to  that  exhibited  bgr 
eoliiepeiilly  Axiilibie  nieroDoieeulir  eubitiheii.  idiieir  iad  eyelie  tiUiyphi^lrai 
j^ol^awre  prepirM  in  thii  procp^  shoe  weight  loieei  tdieh  heated  at  to 

lod^C  of  ipfroxtiBitely  13  end  l8)lf  reipeetiwely»  ae  eoapared  to  that  ttown  bgr 
eaaairciiil  dHnethflpomiloxahe  gua  idiieh  is  eoeipleWLy  ▼olatiliied  at  3$d^ 
ehen  iiiiilariy  treated.  In  ad^tion^  reaulta  of  oj^oratoxy  enxing  ^roeeiiee 
are  eiren  whieh  indieate  the  potential  euitability  of  FeCl3  and  a  aistnre 
eoniieting  of  bensoyl  perojdLde  and  cobalt  naphthenate  aa  eiiriag  aginte  for 
a  perpheoylated  poljailixane  and  a  linear  ailblphieylene  polyiiert  reipeetiTeij. 
AdditionaL  oroailliddiig  nnnhinlaai  idSl  be  ixnreitlgated  to  f orther  iafawfi  theraal 
itibility  of  the  polyMrie  prodiieti  wlthottt  aaerlflee  of  engineering  propextlei* 
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AOlINISfRAtlVE  INFORKAtl&N 


lo  Hii  ai^theias  atudlaa  eoTsrad  in  thii  raport  imm  eondueted 

at  the  Matexlal  labonttozy  diilijag  Janaaiiy  I960  tltfough  1962.  the  ezvie^ 
linking  itodlea  verm  made  duzlng  the  period  1  Jhly  throui^  36  Septeiiber  19^. 

2.  In  paragraph  6  of  a  prttioue  report^ ,  the  Matei^al  Laboratoz^  indleated 
that  It  has  aueeeaifnl^  ijnRtheaiaed  aeall  ej^rlBental  quant! ties  of 
pol^re  wMch  deaumetrated  high  'Uienial  stabllitjr.  It  Was  recoUMndad  that 
aifangenenta  be  nade  for  the  eaunerelal  preparation  of  pilot  batehea  of  theae 
axperlmentad  poljvare  for  eubieqient  nodlfleation  and  foxiaulatlon  into  prototype 
end-lteea  for  di/eree  naval  appy.cationi.  Aeeordingly>  prellninai^  inqulriea 
have  been  auUe  of  aeveral  aaanufaeturere  of  organlo  eheeieal  epecliCLtiea  regarding 
eost  and  capablMty  for  preparing  the  Bll)d.phenylene  poljMer.  ajillarly  inquirea 
are  underway  to  pronote  eoiiaereial  preparation  of  the  tziphen^silanol  neeeaaaa^ 
for  the  production  of  practice  quantitiea  of  the  high  tiBperature  resistant 
resin  resulting  fron  the  interaetion  of  txiphsnylsllanol  and  llcij.  It  is 
expected  that  precise  infomation  along  these  lines  will  be  available  shortly 
for  trananittance  to  and  aetl^  by  the  Bureau. 

3.  Ihese  studies  are  being  conducted  at  the  Material  Laboratory  in  the  Orgaide 
Cheid.stry  Section  (code  97li)«  tinder  the  supervision  of  B*B.  SiieiSt  Section  Head* 
Bureau  of  Ships  cOffiaanoe  of  this  work  is  adninistered  throuidt  Program  Manager 
1.1.  Bttksin  (Code  3ti2A}  and  Project  Engineer  W»B.  Shettsrloy  (Code  63iiCii). 

RE^BMICES 

(a)  SUSHIPS  Itr  R  001*03^3»  Set  63l(Ch^ll97  of  11  May  1962 

(b)  HAtLAB  Tech  Binctor  Wmo  962/^  of  9  Oct  1959 

(e)  HATLAB  Tech  OireetoT  MSiio  9l2AuCthk  of  36  June  I960 
(d)  MATLAB  Tech  Plrsetor  Nok>  903/UJthk  of  36  Jims  1961 

INTBODUCTIOH 


li.  To  develop  elastomers  and  resins  for  use  by  the  Navy  in  applications 
requiring  functional  nateilals  with  fal^  resistance  to  pyrolytic  degradation  the 
Material  Laboratory  Is  conducting  a  continuing  seiii'»lnorganip  polymer  eyntbesis 
program  un^r  the  authority  of  reference  (a).  The  reeults  of  earlier  phases 
of  these  studies  are  presented  in  previous  reports^' '  •  fia  general  these  data 
indioate  the  ijqportanee  to  the  dev^opaent  of  new  theimally  resistant  polymers 
of  Incorporating  ring  and/or  (yclic  structures  into  the  molecules.  For  example  > 
the  reaction  of  triphenylsllancd.  amd  aluaiaua  boride  resulted  in  the  synthesis 
of  a  novel  open^chadn  siloxane  polymer  wil^  branches  comprised  oT  cyclic  trimer 
groups^.  IMS  ssBii«>inorgmilc  polyminr  is  unusual  reeistant  to  degradation  ^ 
heat|  ibowing  a  wei^t  loss  ^  only  about  9%  when  heated  to  SXXfis  at  iHO^cAr* 

On  the  basis  of  ^ese  studlss*  the  Material  Laboratory's  efforts  in  this  program 
are  now  being  directed  towards  the  development  of  techniques  for  utilising  highly 
resonating  ring  and/or  cyclic  structures  as  bidlding  blocks  for  tte  syni^esis  of 
Mgh<.tsmpsratars  stable  polymers*  in  this  eoanectlon*  studies  along  ttose  lines 
were  made  under  the  authority  of  references  (b)‘^(d)y  and  are  conUnuing  as 
authorised  ty  reference  (a).  The  hlgh»li^ts  of  these  investigations  are 
described  in  this  report.  In  addition^  data  are  presented  on  the  resists  of 
prellminiry  efforts  to  develop  curing  processes  for  the  high.*^temperature 


resistant  resin  obtained  from  the  reaction  of  triphenylsilanol  and  aluidnum 
chloride^  and  for  a  pyrolytioally  stable  eilblphi^lene  polymer  prepaired  under 
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the  veferenoei  (b)-(d)  prognii*  eork  wee  oedeiteken  to  provide  new 

■eterlela  id.th  ohiideel^jphyeioel*  and  eeohanieal  propertlee  that  are  iuitehie 
for  end-lteai  uie  over  a  tdde  range  of  naval  applieatiaaa* 

OBJECT 

Theee  atuddee  were  made  to  develop  teohnl(|aei  and  aethodi  f^  the  qmtheeie 
of  novel  heat  reelstant  edlarylene  pbljmiere  for  uae  in  the  fabrioatl^  of 
then^Sy  stable  endaltems  repaired  W  the  Navy.  In  additiaii»  liiMatiiationa 
were  initiated  to  develop  suitable  eroaaliniciiig  reaetiona  to  prepare 
thermaliy  atabls  polyMra  baaed  on  perphenyuted  potyaari  ooatalMng  maln<Behaiaa 
With  Si«o^  or  linhagea. 

RESULTS  AND  DISCUSSION 

6*  In  gaaerali  aromatic  conpounda  exhibit  greater  reaiitance  to  thermal  attack 
than  do  ^phatic  and  aiicyclie  hydrocarbofia  of  canparable  molecular  wel^t. 
Several  inveatigatora°*9  have  reported  that  aliphatic  and  ali^cllc  hydrocazbons 
are  protected  to  acme  extent  agidnat  tharnal  degradation  by  the  ineorporatim 
of  arciWitle*  cottpounda^  Polymera  baaad  on  aromatic  nuclei  in  the  mainschaina* 
aa  in  the  caae  of  polys^ntene  end  polyethylene  terephthalatet  are  m^e  resiitmnt 
to  thermal  degradation  than  are  aiadlar  materi|^8  coi^naed  o^y  of  alRyl 
constituents.  For  the  silicones^  ethylphenyl#^  and  methylphsanylsilozan^ 
polymers  axe  serviceable  up  to  maximum  air  tenperatures  of  about  2|0  and  300*’Cf 
respectively.  On  the  other  hand^  polyiiers  with  cniy  phenyl  aubatituent  grotpa 
resist  degradation  in  air  for  several  hours  at  jiOOaSOO^C. whila  tha 
methylpolyailoxanas  axe  useful  to  about  200^0.^*  The  proteotive  of  facta  of 
the  aroamtile  groapa  ara  attributed^  generally^  to  their  ability  to  Xesiat  and 
inhibit  molecular  degradation  due  to  bond  rupture  by  the  direct  abaorptlon  of 
inel^t  theniai  energy  or  by  aoeei^anee  of  such  ane^  by  transfer  firam  less 
heat  resistant  aliphatic  atruoturea.  Vieae  eonaideraiiona  suggest  that  out* 
standing  theziBal  stability  eharaeteristies  might  be  sjUblted  by  polyaerle 
materials  prsparad  by  Ineorpatlng  8ilicoii*aryl  atruoturea  in  the  maoroapleoular 
backbone  or  msdn-chaln.  in  this  oonneotlonf  a  vswiity  of  organosilieon  polymers 
oontalnlng  idteirnata  aryl  rings  and  ailieon  atoms  as  the  structural  framawork 
might  be  prepared  by  suitable  (^oiee  of  eubatltuent  groups.  For  axample,  Clezk^^ 
has  reported  the  synthefie  of  polymers  having  the  struoture  C^Cl2(SiG5H)|SiCl2)j. 

by  heating  (058^)281012  at  21(>*300*’C  in  the  presenoe  of  a  oatalytlo  amount 
of  uQj.  Barry^h  prepared  siadlar  products  by  heating  a  mixtuxe  of 
nethylpilenylohloroeilanes  in  the  preamiee  of  BCI3.  Substanees  uith  SiOg^CdRhll^ 
atruetursa  and  alkyl  aub^ituMAt  groapa  have  been  prepared  by  treating  (^3^i^2 
with  dillt^ain  compoimda-^.  However*  the  tedinicai  literature  provides  littXa* 
if  any*  infonnallpn  regarding  the  thermal  stability  materials  of  thia  type. 
Acoordingly}  tha  Material  laboratpry  has  been  utilising  halogen  matii  inters 
oonveralom  reactions  to  synthesise  silarylenes  for  such  eveluatlona. 

Sp  eoi  f  Ic  exp  er  Imental  details  of  the  reactions  used  are  preamated  in 
igyamttac  A.  iha  nature  of  the  resulting  prodacta*  and  their  thexmal  atibilitles 
are  dlaeuaaed  in  the  following  aeotiona. 

7.  Reacti<^a  of  Dlphenarldidilprpsilane  and  Lithium  Bensena  Cjaspoundat 

The  reaction  of  p^bromobenaene  and  n*butyllithium  produeed  a  mixture  of 
l*li*brompli^um  *  and  p-4ilitild.inbensane.  Sobae<|uent  treatment  of  the  mixtare 
of  arylMthinn  eoB^ounda  with  ^phenyldlel^oroall^  yielded  the  eomppmvi  bis* 
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(pii.br^o|^enQrl)  dipheii^lsilaae 

p^BfC^Hj^  *  Si  « 


(I) 

and  a  low  Boleculai*  iieight  ailphenylane  polj^r  ha^ng  the  pfnbable  etruetufe* 


p*BrG^  - 


(I.a) 

idian  n  is  an  average  of  about  3* 

The  thefttogniriinetrle  analyele  (TOi)  thexinograni  of  these  fubatanees  jUidleate 
that  the  !s^QBiBr  (I)  and  polvn^  (l*a)  lose  $0%  of  their  volatilisabls  eomponenti 
at  appwirtttavdjr  iblQ  and  SlO^C*  re8peetiteiy»  ahen  heated  in  aii*  at  i8cy^C/w* 

Hiese  data  suggest  >  therefore,  that  the  pfrolytle  reeistanoe  of  such  silaxylehe 
products  might  be  improved  bgr  inereaaing  the  degree  of  poljnDerisetien* 

8<  Beaotioni  of  Dephenyldiehlorosilane  and  Lithium  Biphipyl  Cqmnenndi » 

a.  Synthesis  of  lt«b*->^Ble  CPrbr!BBiON.p^.pbinbenyljl(diPheoyl)  silyl]  biphenyl (ll)t 

The  interaction  of  lt,li'«dibroBobiphen3rl  and  n*but7llithiqn  foUoae  b^ 
the  addition  to  the  reaction  oixtare  of  dlphenTldichlorosilane  Tielded  coiqMnnd  Q. 

^6% 

\  -  r 

I  I 

^6% 


n 


The  infrared  spectrum  of  the  product  ehovs  abforption  pedlcs  in  the  5«6a 
region  and  at  12 .30  liiich  are  characteristic  freouencles  for  p^substituted  bensene 
derivatives.  Absorptilen  bands  are  «dd.bited  also  at  13*58  and  lli.35u  iddeh  are 
assigned  to  ovt^«piLnie  beading  idbratieas  apniellj  obseo^  in  the  infrared 
spectra  of  aonosubstituted  bensene  coispounds. 
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The  TQA  thennbgrim  bf  II  shows  a  loss  of  $0%  of  its  ▼olatilisable 
oon^Otiants  at  apbfoxlinat^  $2S^C^  liddi  is  higher  by  ajpprojdMwitely  115  sod  l^C 
tiup  the  temperatures  for  eorrsspmdliig  volatile  losses  shown  b|r  compound  (I) 
aad  the  silphenylene  resin  (Ia)f  respeetively.  On  this  basis#  silbipbenyleae 
oompo&nd  II  is  considered  to  be  mare  thamali^  rmsistsnt  than  the  monomerie  and 
pOlpexd<e  iilphenyleae  substances  discussed  preiriouslsr* 

h*  synthesis^  of  liaear  ^ibiphangleoe  PoJaiiimr  and  »»Broaw>?p«*bia^^ 

butyls  **^lpbM$!L3r!lMpfe^lSjLU^i 

The  fresenee  of  rsactiye  brosilne  atoms  in  II  suggest^  stronglsr  the 
possibility  of  additional  halogen^etal  intercoaversion  reaeticnSi  Since  the 
pyrolytic  stability  of  the  silpheaylene  std>stanees  appears  to  be  influenced  by 
the  number  of  repeating  units  in  the  inain<!«ehains*  such  reaetions  could  prorlde 
silphenylene  materLals  of  moleculmr  weight  which  would  exhibit  sup^or 
resistance  to  thermal  de^adatipn.  In  tiew  of  the  exceillent  resistance  to 
theisial  attack  demonstrated  by  n#  and  its  structural  bifuncticnality  in  the 
form  of  two  reectLye  bromine  atcme  on  the  c^aim  ends>  this  s^stancs  was 
considsred  to  be  suitable  for  use  as  an  intermediate  product  in  the  synthesis 
of  new  end  more  heat  resistant  silbiphsnylene  polymsrs. 

To  expedite  the  preparation  of  these  polyners,  the  es^xlmental 
procedure  was  modified.  Piphenyldiehlorosilane  was  interactsd  wi^  h#ii '^ilithium 
bipheoyl  mid  the  reaction  mixture  was  treated  with  ii*bircmo4i  **lithiia>  Mpbeajl* 
This  reaction  se^enee  produce  a  yery^light  yellow,  hard,  bzlttla,  ether  insoluble 
resinous  polymer  baying  the  probable  structure, 

-f  (0^5)2  j  n  ^ 

where  n,  the  average  number  of  chain  units,  is  about  U*$»  the  reaction  alio 
yialded  «a  e^er  soluble  fraction.  About  B$%  of  the  crude  ether  soluble  product 
was  found  to  be  a  yery  lie^t  ywlldw,  petroleum  ether  ineoluble#  hafd  Solid 
subatanca,  wfaioh  was  determined  by  elementiQL  and  infrared  speetrophotometrle 
analyses  to  be  IV* 


p-  Br-C^Cfi^  --  Si  — -  C^C^|,-C^p 
(IV) 

The  nmainder  of  the  ether  splable  fraction  was  determined  to  be  unreacted  It#!)'^ 
dj^bromold-Fhenyl* 

The  therBpgravimetrle  data  of  the  seyeral  fractions  Obtynsd  show  that  the 
ether  ^soluble  resin  fraction  (III)  loses  $0%  of  its  yolatilisables  at  (SlO^* 
whmi  heatsd  at  l^^C/hr«,  lAieh  is  approxlaately  ido^C  h^er  that  the  coB^arable 
505  Tolatilisation  temperature  shoin  by  the  silblphmiyl  mbnomer  (II).  Older 
ihidlar  treatment#  (IV)  Aowe  the  505  Tolatiliaables  loss  at  550^0 .  At  500^0# 
the  silbipbanylene  pplymer  shows  a  weight  loss  of  approsdmatbly’  135  of  its 
pzlginal  wei^t#  and  appears  to  be  unchanged  strueturally  wbsn  eiamlTied  by 
inliirwd  spectroj^otemstry* 
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It  Is  evident  from  these  data  that  the  pjnrol^ie  stability  of  silbLphenylene 
substances  is  saperior  to  that  shown  similar  silphen^lene  products*  as  in 
the  ease  of  the  silphenylenes*  the  resistance  to  heat  attack  of  the  silbiphenyieae 
materials  are  infliienced  by  the  number  of  repeating  epraups  in  the  nainsChains 
of  the  aoleoules* 

c*  Synthesis^ of  Cyclic  Silbiphenvlene  PplaBiieri 

In  a  siiid.lur  reaction  inrolving  the  interaeticrii  of  larger  Entities 
of  iiih'«dlbromoblphenyi«  n-batyllithlttm>  and  dlphenyldidilorosilane  a  cycHe 
sabstanoe  was  obtained  having  molecules  with  probable  structAires  of 
( *81(0^5) 2  «  C^]hC6Hlh»)n*  The  reaction  also  produced  an  oily  product  which 
was  found  to  be  a  mixture  of  diphenylpolysiloqcane  and  n-butyl  brondde* 

The  TQA  thermogram  shows  the  cyclie  silbiphenylene  product  loses  $0%  of 
its  voltatijLizable  Gom^onents  at  about  ^8o^C  whsn  heated  at  l8d°C^^*  ^e 
substance  only  loses  18^  of  its  original  weigit  when  heated  to  SOO^C*  These 
data  are  addi tonal  evidence  of  the  generally  Superior  resistance  of 
silblphenylese  prod\icts  to  p^olytie  degradation. 

9*  Curing  Studies  t 

lAdle  the  linear  silbiphenylene  resin  discussed  herein  might  be  developed 
into  useful  protective  coatings  by  the  seleethre  modifioatioh  with  various 
solvents^  pigments*  and  additives*  these  coatings  would  hSVe  only  limited  Use 
since  the  resin  softens  at  1^>166*’C.  To  e£tend  the  thermal  stabildty  range 
of  such  products*  e^laratory  investigations  were  undert«dcen  to  devise  teehnlqaes 
for  erosslljdclng  the  molecules  to  produce  infusible  three  dimensional  networks* 
similar  studies  al SO  Were  made  of  the  thermal  stable  poly||nrle  product  obtained 
front  the  reaction  of  triphenylsllanol  and  alumlntat  chloride”  which  softens  at 
7^«85*’C*  The  eeloction  of  erosslinidng  agents  is  dependent  prlmiuriiy  on  XM 
nature  of  the  reactive  sites  on  the  polymer  chains  being  investigated*  In  this 
connection*  ^  absence  of  the  active  groups  suitable  for  crosslinking  purpoies 
limits  the  choice  of  curing  agents  to  metallic  CKLdes*  organic  peroxides*  and 
Lewis  acids*  which  induce  croSsllidclng  through  bond  cleavage  mechaniasis «  The 
results  of  initial  studies  along  these  lines  with  the  linear  silbiphenylene 
polymer  are  presented  in  table  1*  These  data  indicate  that  a  earing  agent 
consisting  of  a  mixture  of  bemsoyl  peroxide  and  cobalt  naphthenate  shaws 
prondse  as  a  cozing  agent  for  the  polymer*  and  that  additional  studies  with 
these  materials  are  warranted*  Tfas  silbiphenylene  polyner  is  not  appreciably 
croesllnked  when  treated  slmliBrly  witit  I^Cl3*  henzoyl  peroxide*  or  a  mixtvDre 
of  bensoyl  peroidde  and  PbO* 

The  effecte  of  crossliidiing  agents  on  the  resin  obtained  frcn  the  reaction 
of  triphenylsiluioi  and  aluidnum  chloride  are  shewn  in  Te^ble  2*  These  data 
in<h.cate  than  an  infusible  polymer  network  is  formed  when  the  resin  is  treated 
with  IMI3*  The  degree  of  croesllidcing  appears  to  increase  with  the  conpentration 
of  FBCI3  and  decrease  as  the  toiler ature  and  time  of  cure  Increases*  When  the 
polymer  is  treated  for  6  hours  at  lUo^C  with  2*0  or  10*0  P.H.R*  of  FeCli*  the 
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degrte  of  network  foSBation  is  l4li.6  and  6d»9lHi  feipectl velar*  Ibe  ailaic^ 
pointer  is  not  appreeieOly  ^selliyaMi  when  treated  Idmllarly  with 
beiiBjarl  porojcLdOf  and  nixtares  of  benioyl  perosdde  with  oohalt  naphthenate  or 
PbOi 

sniwiA^ 

10*  teehni<|uee  have  been  doeeribed  for  the  eynthetla  of  new  polaneri  and 
Interinediate  ecuBpOuada  containing  perpheny'lwpBOliaxylene  aoXectOAr  conf iguratlona  • 
In/'oination  also  has  been  provided  eonoerning  the  propertiea  of  ^eie  fttterialiy 
idth  partioular  enphaaia  on  their  hii^tofoperature  reBistance*  Ihe  axyl  ^eupi 
of  the  main^^haine  stabilise  these  seiai«inorganle  •ubstanoes  and  provide  theiB 
with  unusually  good  resistanoe  to  degradation  by  heat*  in  fact  these  silaxylene 
pS'oducts  are  fiur  more  thezwally  stable  than  comBercially  availi^le  poiynerio 
Bitter  ialSo  Substanoee  with  biphenyl  groups  are  more  pyrolytio^ly  resistant 
taiuti  Similar  products  with  boneene  rings  in  the  mainHshsins*  The  protective 
effeets  protided  by  these  siyl  groupe  appear  to  Inoreaeo  as  the  degree  of 
fiolyBexl cation  increases*  the  bronine  atosB  in  the  molecules  have  a  useful 
function  since  they  can  eorve  as  active  siteB  thich  ub  capable  of  undergolBg 
reactions  that  could  produce  polyiners  with  longer  ^aLn  lengths  or  BOdifiod 
struetturos* 

Finally*  ths  results  of  oaploratoxy  investigations  to  develop  metheds  for 
erossUnklBg  pezpbenylated  silbipheEylroe  and  siloxane  resini  are  desorlbed* 

The  most  suitable  eroeSlinldyng  agent  for  Frovidlng  the  iilbiphenylene  idbth  a 
wldar  variety  of  engineering  charaeteristics  appeari  to  be  a  iiixttsre  cot^iriSed 
of  bensoyl  ponxide  and  cobalt  nashthenate*  For  the  porphenylatod  silopne 
resin#  biet*  degrees  of  arossMnking  are  obtainable  by  heating  the  resin  with 
2  •  10  P*lt«R*  FsCl^  Bader  pressure* 

FOTihE  FUUiS 

11.  On  the  basis  of  the  Superior  thezBil  resistiuico  of  the  silarylsno  produets 
desorlbed  herein*  efforts  in  the  heat  stabie  ssni’«>inorganic  polymer  sy^esit 
progrsB  for  the  develo|MMit  of  new  Baeroiielscnlar  produets  eontainlng  ring 
and  cyclic  structures  in  the  noleotOar  bapkbone  are  contiimliig. 

Additional  croeilixddjag  studies  are  nOW  imderway  to  provide  those  polyBers 
that  e^bit  excellent  theziti,  stability  with  a  ’Ndder  vaiiety  of  eoglnetfr^ 
properties  aid  ends’iteB  applications* 

StuHes  involving  the  8!yntheid.S  of  polymers  with  Si  p  aid  2r  «>  0 
bonds  in  the  —•*"  ptiAtn  axe  nsaring  conpleMon.  Results  of  these  studies  will 
be  reportsd  to  the  Buroou  on  or  dObut  1  Api^  1963* 
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Lab.^jeei 
Prdgrdss  Uport  9 

AFPEMDIX  A 
Ib^i^ental 

A*  R^tionj.M  DlShfaj&^cfelorogi]^^  and  LlthluinM^iw 

A'  iolutl^  coi^i«tlng  of  31* 8g  (0»l6  nole)  of  padll»ranobenMne  diisolirid 
in  120  iilo  of  anlQr^sSims  ethyl  ether  wai  added  dropeiee  during  2  hre.  to  200 
of  a  mixture  of  pentane  and  heptane  Gontaining  0.2  mole  of  n^butylli'liiium  at 
mXtfic  under  a  nitrogen  atmosphere*  nien,  13*0g.  (0*0^  mole)  of  di^eAyldLchloro» 
silane  added  dropwise  during  1  hr*  with  vigorous  stizuri)^  at  ro^  temperature* 
After  reflu3d.ng  for  8  hrs.  and  standing  at  room  tm^rature  oveqnxLght  the  mixture 
was  hy^olyBed  with  dilute  801  and  extraGted  idth  ether*  %e  ether  layer  was 
separated}  dried  over  anhydrous  Nag^U*  ehd  extraGted  with  ethyi  alGohol  to 
give  lt*0g  of  his  (p-hrdnophenyl)  diphenylsilane}  m*p*  163^«  (Found:  Si«  ^*7  and 
BT}  32«0j  GalG*  for  CgtH^ABr^:  Si,  5*?  and  Br,  32*ii^)*  The  alcohol  insoluble 
fracticxi  Was  dried  at  50°C  ^der  reduced  pressure  to  yield  7g*  of  a  substanee 
melting  at  228^0*  (Foundt  Si}  8*3  and  Br  16«d,  CalG*  for  si,  8*3  and 

Br  15*8^)*  The  Infrared  spectra  of  these  substances  are  almost  idshtieail* 

B*  Heactions  of  Mshanyldichlorosiiane  t.^t>>^umJBdthsnyl,Ccirocepd^ 

a*  STOthesls  of  h  Lpjbroe0Ha**biphenylyl(diphmnyl)silyl’l  Mshenyl  _(ll)t 

The  reaetion  of  l(6*8g  (0*1$  mole)  of  li,|i'Hilba?oiinobiphenyl  with  8.3g* 

(0*13  mole)  of  n-butyllithiOn  followed  by  the  dropwise  addition  to  the  mixture 
of  ^.Ig*  (0*1  mole)  of  dii^enyldLchlorosllane  gave  II,  a  llght^brpwi,  ether 
insoluble  Solid  substance}  (Found:  si}  §o6  and  BT}  16*3;  Oalc*  for  C^oSLLBrgSioi 
Si}  5.7  aid  Br,  16.^)* 

b*  ^t^ls  of  linear  SilMt^ejylene  Ppljp  and  jN<rcm!B^»«>bliiheoylyl*^ 
*biphehyiyl(aphe^  CBI ; :  ~  ^  tl 


A  solution  comprised  of  2^*0g  (0*08  mole)  of  recrystallized  (from  toluene) 
Ii,l4'<^broia0bipihenyi  in  3$0  ml*  of  sodiun>dried  and  redistilled  benzene  was  added 
cbropwise  dUzlng  about  3  hrs.  to  ll*3g  (0*176  mple)  of  n»^1yilithivsi  disseived 
in  hexane  (1  molar  eolution)  at  58^  under  a  nitrogen  atmospbere.  A  10  ml* 
aliquot  sample  of  the  reaction  product  was  added  to  a  mixture  of  dzy^lce  and  ether 
to  ^ve  the  dlearboxylle  a:dd  derivative  of  biphei^l.  Then,  ^,0g*  (0*126 
mole)  of  ^phenyldlchlorosilane  was  added  ^opwiee  1  to  the  reaction 

Bdxture  at  58^0.  After  remaiid.ng  oveziiigbt  at  room  temperatwe,  Celor  Test 
was  negative*  About  65^  of  product  obtained  frcm  'l^e  reaction  of  6^* 

(0*1?  molt)  of  lj,l:»*dibromobiphenyl  and  I2.3g.  (Q.l?  mole)  of  n»butyllithium  at 
82 -C  was  then  added  dropwise  during  1  hr.  to  the  inl^al  reaction  mixture.  The 
final  mixtin^e  was  heated  at  826c  for  3  hrs.  y  adloiied  tp  i^and  at  room  temperatzre 
for  about  72  hrs.}  hydrolysed  with  H  H2SO1,  and  separated  with  ether  to  give  7^, 
of  crude  material*  The  crude  produot  was  waidMd  with  distliled  H2Q}  dried  at  1109c  t 
and  extricted  wi^  boiling  ether  to  yield  26«6g.  of  a  very  li^4*>^llow,  hard, 

S^r  insoluble  reslnoua  fractian  containing  7.0  and  8,6$  of  sllicen  and  bromine} 
respectively.  The  polymeric  substance  has  a  probiidjle  molecular  conAguration  of 
p-BrC6H||C^  t.(0^)2  SiC6Bl|B^Br-p}  where  n  is  about  £*$,  ^e  addition  of 
^troleum  ether  tne  et^l  ether  soluble  fraction  precipitated  about  of 
the  orude  material.  The  petroleum  ether  insoluble  product  was  rsozystalllsed 
from  etmrl  ether  to  give  I2g,  of  III}  a  vezy-light  yslloW}  hard  solid  subetmnoe* 


Ub.  jmjiet 
Ihmgfisi  Ripeift  0 


o<  of  Ostilic  SlltAptwpylani  « 

A  airtari  eonHsting  of  li6.8g«  (0*1^  iiole)  of  i|»ii'*dlbrclidMphin;^ 
atii  tr^tod  under  A  nitrogin  Ataoipliwre  for  16  hra*  at  T§?t,  At  thii  tlBOi 
Color  Teat  I  wee  ^Itite*  Thein«  60.^.  (0»27  aole)  of  dijpbeojrldlehloroiilane  wee 
added  to  the  fUactere  during  6o$  hr.  and  the  ingredienta  were  refluaed  for  qS  hr^ 
after  i^loh  tine  Color  Teat  I  vaa  found  to  be  negatLfe.  IlthiiiA  ehlonda  vaa 
aeparated  by  filtering  the  miztare  and  the  aoltenta  vere  diatilled  off  to  gite 
a  orude  blaiah«blaok  tiaooua  licjaid.  The  eriide  produot  aaa  treated  alth 
petroieni  ether  to  gire  0*lg.  tt  a  gr^ah«whlte  inaoXuble  aolld  eontoining  8.2|{ 
of  ailioon.  The  petroleuit  ether  aolul^e  fraetion  oontained  in*9g»  (d«l£>  a^) 
of  unreaeted  dijiiesylfhLehloroailAee  and  an  oilj  pvoduet  ahieh  «aa  ooipriaed 
iiaii^y  of  a  adxture  of  difte^polyaLleciana  and  aaae  n^butyl  broadde. 

Co  caring  Studieat 

Freaolected  qaantltiaa  cf  the  curing  agenta  were  tdzed  uith  0.5dg.  of  p^yiier. 
The  nixture  taaa  placed  in  a  braaa-ring  nold^  af^roxiJBat^y  0^$  iaph  inaide 
dianeter  and  0.25  inch  high^  and  heated  in  a  hydraulic  preaa  for  0.6746.0  bra. 
at  120^205^*  undar  a  preaaure  abotrt  lidOO  pai» 

Since  the  rsaina  under  atudy  are  eoaqpletely  aoluble  in  beniene«  the  dagreo 
Of  creaaiijtting  eaa  conaldered  to  be  reflected  by  ohangea  of  aolability  in  tfaia 
adfiBti  After  the  curing  proeeaa*  the  treated  apecinena  ware  eziraoted  at 
reflnac  teBperature  with  benaene  and  the  anount  of  ini^uble  neterial  waa 
caleuiated  by  difference. 

Thereograyinatiic  Aneiyaia_Heaaureaenta  Cim)t 

Approidnately  0*2g.  aanpleay  accurat^y  weired  to  0.1  ng.  were  placed  in  a 
Kanthal  wiro'^wound  furnace  aiiiilar  to  that  daaeribed  in  the  litarature^^  •  The 
tenperature  of  the  fuznaoe  waa  reprodueibly  elevated  at  the  deaired  rate  by  a 
notor^^driten  tailatde  tranefonier.  The  raaidual  weight  and  the  teiperature  of 
^  afuiplea  were  recorded  continuoualy  during  the  antire  heating  peHod  on  an 
idnaworth,  two-penji  Type  BiB>-AlhA»  eeid^cro  recording  balanoo.  Teavoratare 
neaforeaients  were  leade  with  a  Pt/H«lO0  Bh  theawooe^pla. 

i.  Infrmred  Meaaarenentai 

infrared  apeotra  were  obtained  on  a  Perkin»il|Mr  Model  21  dpnble^beai 
apeetrophotoiieter.  ba  c«neml»  the  eanplea  were  Obawhred  over  t^  2.5'’l5u 
img,9  in  mam  on  roak<-ealt  priaaa  or  in  ^  pellett* 
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^b.  Pfoject  61^ 
Re^x^  8 


TABLE  1 

EFFECTS  OP  GDRING  AGEKTS 
on 


LINEAR  SUBpHliaLlNE  POlJQfER  * 


Curing  kemi 


Benioyl  Perooddo 

Bansoyl  PHNaddb/^ 

B«n«oyi  paroslda/cobalt 
Ikphthenato 

Bensoyl  Peroatide/Cobalt 
Naphthenate 

Bensoyl  Pex'03idde/Cobalt 
Naphthenate 

Bansoyl  Peroxide/Cobalt 
Naphthenate 

Benaoyl  Peroxlda/Cpbalt 
Naphtbenate 


concentration 

(P.H.R*) 

Tenperature 
(°C) _ 

Tiae 

(Hr.) 

Degree  of 
Crosslinking 

Bin  sene  IniOl.  ) 

3^0 

120 

0,67 

9*5 

2«0 

liiO 

0.67 

9.U 

2.0A«0 

lltO 

0,67 

3.5 

3*o/3*o 

lllO 

6i0 

lt*0 

3.0AO.O 

lllO 

6,0 

3.7 

2.0A«0 

Hio 

0.67 

27.2 

2.0/3.0 

160 

0.67 

22.li 

a.o/3*o 

m 

1.0 

6.5 

♦  All  specimcttis  were  treated  at  a  platen  fresaure  of  about  l»000  pai. 
»»  P.H.R*  refere  to  parte  per  100  pwrta  of  resin. 


Ritaslal  Lftboratoxy 


Lab^  mjdet  6l^ 
Progfeii  Repoi^  6 


l!ABi£  2 

EFFECTS  OF  CURING  AGMTS 
on 

PERPHENTUfED  SILOXANE  FOUMER  * 


Curing  Agent 

Goncentretion 
(P.B.R.)  -M# 

Temperature 

.®) . - 

Time 

CHr.) 

Degree  of 
Croeaiiniing 
Benzene  ine^. ) 

Bmtojrl  Peroxide 
Benzoyl  Perozlde/Cobalt 

2.0 

lIiO 

0.67 

1*5 

Nejphthenate 

2.dA«0 

lllO 

0.67 

5*0 

Benzoyl  Pero3d.de/Cobelt 
Hej^tbenete 

2.O/34O 

m 

0.6? 

li.il 

Benzoyl  Pe3:03clde/PbO 

2.0/1.0 

lllO 

0*6? 

3.7 

^03 

I1.0 

20^ 

0.67 

0.5 

TlOg 

2.0 

lllO 

6.0 

7.8 

TLOg 

2.0 

20^ 

1.0 

li.O 

TiOg 

li.O 

20^ 

0.67 

7*8 

Feclj 

2.0 

20^ 

0*67 

18.7 

fecl3 

2.0 

205 

1.0 

6.5 

FeCSLj 

2.0 

liiO 

6.0 

iili.6 

FoCl*^ 

■  V 

10.0 

lliO 

6.0 

60*8 

*  All  speciinene  were  treated  at  a  platen  preesure 
**  P.H,Eo  ref^z  to  parts  per  100  parts  of  resin. 

of  liOOO  psi* 
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